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Abstract 

The field of neuroscience research in AD has been evolving rapidly over the last few years, and has pinpointed a 
number of candidate targets for molecules with crucial role in the pathophysiology of AD. Recent developments 
have furthermore enabled new ways of modeling the disease, while an increasing number of preclinical^ validated 
targets is currently being taken one step forward and tested in clinical trials. These recent developments are 
reviewed in the current Special Issues Series on "Current concepts in Alzheimer's disease research: molecules, 
models and translational perspectives" in a number of state-of-the-art manuscripts. 



Text 

In October 2012, a three-day workshop on "Emerging 
Concepts in Alzheimer's disease (AD)" was held in New 
Orleans as a Satellite Meeting to the 2012 Society for 
Neuroscience Meeting. The interactive workshop brought 
together senior and junior scientists from the entire world 
in a mixed format of interactive lectures and working 
groups of scientists assigned to jointly design innovative 
research projects, based on emerging concepts in AD as 
introduced in the lectures (Figure 1). The current Special 
issue Series in the journal is a direct product of the scien- 
tific exchange and discussions during the workshop. The 
Special Issue series comprises at least two Molecular 
Neurodegeneration editions with state-of-the-art review 
manuscripts by the teaching staff of the workshop, thereby 
covering various topics and concepts that were discussed 
during the workshop but also in post-workshop scientific 
exchanges between the participants, i.e. students and 
teaching staff. 

Molecules 

Besides the well-known connections of the rare mutations 
in genes encoding for amyloid precursor protein (APP) 
and the presenilins (PS1 and PS2), a large body of evi- 
dence implies a crucial role for apolipoprotein E4 allele 
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(ApoE4) in the risk of AD, e.g. recent integrative genomic 
analyses have described a distinct ApoE4-associated mo- 
lecular pathway that promotes late-onset AD [1]. Recent 
findings from large genome wide association studies 
(GWAS) have furthermore shown evidence for associa- 
tions between common variants in a set of genes, among 
which CLU, CR1 and PICALM, and increased risk of spor- 
adic AD [2,3], while next generation sequencing technolo- 
gies and detailed bioinformatic analyses have furthermore 
identified novel rare variants [4,5]. Environmental factors 
such as a Mediterranean diet, physical exercise, and expos- 
ure to toxins have been associated with AD, and it is likely 
that environmental exposures during the entire lifespan 
interact with genetic susceptibility in bringing about AD 
in the elderly [6]. Neuropathological, genetic and molecu- 
lar biologic evidence has thus accumulated over the last 
years, and has given rise to a neurobiological theory on 
the cascade of events with central roles for alterations in 
the processing and metabolism of APP and tau protein, 
resulting in aggregates of beta-amyloid (Ap) fibrils and 
neurofibrillary tangles. The Ap cascade hypothesis has 
been fuelled with biochemical studies in vitro and in vivo 
studies on toxic properties of the different conformational 
and differently polymerized states of Ap aggregates, par- 
ticularly at the synaptic level [7,8], and has reached a more 
heuristic level with studies showing intricate crosstalk be- 
tween misprocessing of beta-amyloid and tau proteins and 
neuroinflammation, ultimately disturbing neuronal and 
synaptic integrity and affecting cognitive functioning. A 
role for neuroinflammatory responses has been proposed 
in later phases of AD, but it has also been proposed that 
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20 12 "Emerging Concepts in Alzheimer's Disease Research" - New Orleans, LA, USA 



Figure 1 Alzheimer's Disease Workshop 2012: "Emerging Concepts in Alzheimer's Disease Research" - New Orleans, Louisiana, USA. 
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neuroinflammatory response act very early in the disease 
process by dysregulating mechanisms (for example at the 
level of the blood-brain barrier; [9]) to clear misfolded or 
damaged neuronal proteins [10,11] and heavy metals [12]. 
Based on recent studies indicating that dynamic changes 
in epigenetic regulation of gene expression is involved in 
many human (patho) physiological processes including 
experience-dependent plasticity, neurogenesis and aging, 
research efforts have been launched for studying epigen- 
etic involvement in AD-associated neurodegeneration and 
disturbances of neuroplasticity, see e.g. [13,14]. Evidence 
from molecular and cellular studies have furthermore in- 
dicated that age-related changes in mitochondrial ATP 
production and oxidative stress are centrally involved in 
the pathophysiology of AD [15], while evidence reviewed 
by Walter et al. in the current issue suggests that mem- 
brane lipids are involved in the regulation of subcellular 
transport, activity, and metabolism of AD-related proteins, 
and that vice versa, APP and other AD-associated proteins 
impact on lipid metabolic pathways [16]. 

Models 

It is clear that no animal model will ever fully capture the 
complex human spectrum of molecular, cellular and 



functional abnormalities as seen in patients with AD, al- 
beit that the use of animal models has been of crucial im- 
portance for breakthroughs for our understanding of the 
pathophysiology of AD [17]. Thus, animal models have 
been necessary for the identification of causal relationships 
of AD-related molecules, but they also offer the possibil- 
ities for in vivo analyses of novel intervention strategies 
[18]. Although transgenic mouse strains of AD are used 
for the majority of animal studies in AD, recent advances in 
the field of transgenesis have resulted into a current wave of 
novel rat models of aberrant APP and tau processing, which 
(among other advantages) enable improved behavioral 
phenotyping [19]. The increasing demand for large and 
high-throughput toxicity screens have also strengthened a 
position for Drosophila melanogaster as a useful experimen- 
tal animal species, and Pruessing et al. in the current issue 
review the current status of Drosophila studies in relation 
to AD [20]. Another model system with very high potential 
for AD research is the use of inducible pluripotent stem 
cells of AD patients for neuroscience research [21,22], on 
which many developments are currently ongoing. Thus, 
modeling AD-related disturbances in neurobiological path- 
ways using in vivo and in vitro models has undergone quite 
significant developments over the last few years. 
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Translational perspectives 

Despite the important open questions and unresolved 
issues in elucidating the molecular and cellular mecha- 
nisms at hand in sporadic AD cases, the AD research field 
is very active (however not yet successful) in bringing 
about therapeutic interventions that can potentially be 
used in clinical practice. 

For example, the field of immunotherapy in AD, after 
finding striking effects of vaccinations in mouse models, 
has been one of the prime areas for translational re- 
search on therapeutic interventions over the last few 
years. The current status of immunotherapy (with e.g. 
active and passive immunization strategies) in rodent 
and human AD studies is reviewed by Lemere [23], who 
argues that (the immunological) intervention efforts 
may need to be targeted to individuals at risk for AD, 
rather than to late stage AD patients that for being ef- 
fective, which off course goes hand in hand with im- 
portant ethical challenges. 

To summarize, AD research is expanding rapidly and 
is reaching the phase in which findings from fundamen- 
tal neuroscience drive the development of novel diag- 
nostic and therapeutic strategies, hopefully resulting in 
useful clinical tools to improve prevention and treat- 
ment of this devastating neurodegenerative disorder in 
the not-too-distant future. 

Abbreviations 

A(3: Beta-amyloid; AD: Alzheimer's disease; ApoE4: Apolipoprotein E4; 

APP: Amyloid precursor protein; CLU: Clusterin; CR1: Complement receptor 1; 

PICALM: Phosphatidyllnositol-binding clathrin assembly protein; 

GWAS: Genome wide association studies; PS1: Presenilin 1; PS2: Presenilin 2. 

Acknowledgements 

We thank the editors of journal Molecular Neurodegeneration for the 
invitation for this Special Issue Series, and particularly the authors of the 
review manuscripts for their efforts. We furthermore want to express our 
thanks to all participants of the workshop Sarah Hescham, Ted Wilson, 
Rebecca Skerrett, Ingrid Heggland, Tatiana Cerveira, Paulina Davis, Romina 
Gentier, Nellie Byun, Stefan Prokop, Rylan Allemang-Grand, Elizabeth Steuer, 
Julie Dela Cruz, Sandro Da Mesquita, Julie Savage, Jochen De Vry, Ginger 
Becker, Xenos Mason, Lionel Breuillaud, Sepideh Shokouhi, Kelly Miller, 
Fernanda Marques, Michelle Chua, Mai Panchal, Gwyneth Zakaib, Paul 
Coleman, Carol Colton, Claudio Cuello, Use Dewachter, William L. Klein, Ron 
De Kloet, Frank La Ferla, Jin-Moo Lee, Cindy Lemere, Mark Mattson, Joana 
Palha, Jorg Bernard Schulz, Michael Sofroniew, Jochen Walter, Stacy Pagos 
Haller, Diane Bovenkamp and Guy Eakin for the inspiring and fruitful 
scientific discussions. We thank AlzForum for covering the workshop and 
their organization of a webinar on the outcome of the scientific discussion 
and assignments in the workshop. Financial support for the workshop 
"Emerging Concepts in Alzheimer's disease" was provided by the International 
Stichting Alzheimer Onderzoek and the BrightFocus Foundation, of which the 
latter is also acknowledged for their additional support to aid funding of the 
publication costs associated with this special issue. 

Received: 30 September 2013 Accepted: 30 September 2013 
Published: 22 October 2013 

References 

1. Rhinn H, Fujita R, Qiang L, Cheng R, Lee JH, Abeliovich A: Integrative 
genomics identifies APOE epsilon4 effectors in Alzheimer's disease. 

A/ature 2013, 500(7460):45-50. 



2. Tanzi RE: The genetics of alzheimer disease. Cold Spring Harb Perspect Med 
2012,2(10). 

3. Ferrari R, Moreno JH, Minhajuddin AT, O'Bryant SE, Reisch JS, Barber RC, 
Momeni P: Implication of common and disease specific variants in CLU, 
CR1, and PICALM. Neurobiol Aging 2012, 33(8):1 846-e1 847. 1818. 

4. Bettens K, Brouwers N, Engelborghs S, Lambert JC, Rogaeva E, 
Vandenberghe R, Le Bastard N, Pasquier F, Vermeulen S, Van Dongen J, 
et at: Both common variations and rare non-synonymous substitutions 
and small insertion/deletions in CLU are associated with increased 
alzheimer risk. Mol Neurodegener 2012, 7:3. 

5. Guerreiro R, Wojtas A, Bras J, Carrasquillo M, Rogaeva E, Majounie E, 
Cruchaga C, Sassi C, Kauwe JS, Younkin S, et ah TREM2 Variants in 
Alzheimer's disease. N Engl J Med 201 3, 368(2):1 1 7-1 27. 

6. Chouliaras L, Sierksma AS, Kenis G, Prickaerts J, Lemmens MA, Brasnjevic I, 
van Donkelaar EL, Martinez-Martinez P, Losen M, De Baets MH, et ah Gene- 
environment interaction research and transgenic mouse models of 
Alzheimer's disease. Int J Alzheimers Dis 2010, 2010. 

7. Klein WL: Synaptotoxic amyloid-beta oligomers: a molecular basis for the 
cause, diagnosis, and treatment of Alzheimer's disease? J Alzheimers Dis 
2013, 33(Suppl 1):S49-65. 

8. Krafft GA, Klein WL: ADDLs and the signaling web that leads to 
Alzheimer's disease. Neuropharmacology 2010, 59(4-5):230-242. 

9. Marques F, Sousa JC, Sousa N, Palha JA: Blood-brain-barriers in aging and 
in Alzheimer's disease. Mol Neurodegener 2013, 8:38. 

10. Krstic D, Knuesel I: Deciphering the mechanism underlying late-onset 
Alzheimer disease. Nat Rev Neurol 2013, 9(1):25-34. 

11. Heneka MT, O'Banion MK: Inflammatory processes in Alzheimer's disease. 
J Neuroimmunol 2007, 1 84(1 -2):69-91 . 

12. Mesquita SD, Ferreira AC, Sousa JC, Santos NC, Correia-Neves M, Sousa N, 
Palha JA, Marques F: Modulation of iron metabolism in aging and in 
Alzheimer's disease: relevance of the choroid plexus. Frontiers in cellular 
neuroscience 2012, 6:25. 

13. Chouliaras L, Rutten BP, Kenis G, Peerbooms O, Visser PJ, Verhey F, van Os J, 
Steinbusch HW, van den Hove DL: Epigenetic regulation in the 
pathophysiology of Alzheimer's disease. Prog Neurobiol 2010, 
90(4):498-510. 

14. Chouliaras L, Mastroeni D, Delvaux E, Grover A, Kenis G, Hof PR, 
Steinbusch HW, Coleman PD, Rutten BP, van den Hove DL: Consistent 
decrease in global DNA methylation and hydroxymethylation in the 
hippocampus of Alzheimer's disease patients. Neurobiol Aging 201 3, 
34(9):2091-2099. 

15. Kapogiannis D, Mattson MP: Disrupted energy metabolism and neuronal 
circuit dysfunction in cognitive impairment and Alzheimer's disease. 

Lancet Neurol 201 1 , 1 0(2):1 87-1 98. 

16. Walter J, van Echten-Deckert G: Cross-talk of membrane lipids and 
Alzheimer-related proteins. Mol Neurodegener 2013, 8:34. 

17. Jaworski T, Dewachter I, Seymour CM, Borghgraef P, Devijver H, Kugler S, 
Van Leuven F: Alzheimer's disease: old problem, new views from 
transgenic and viral models. Biochim Biophys Acta 2010, 
1802(10):808-818. 

18. Kitazawa M, Medeiros R, Laferla FM: Transgenic mouse models of 
alzheimer disease: developing a better model as a tool for therapeutic 
interventions. Curr Pharm Des 2012, 18(8):1 131-1 147. 

19. Carmo SD, Cuello AC: Modeling Alzheimer's disease in transgenic rats. 
Mol Neurodegener 201 3, 8:37. 

20. Pruessing K, Voigt A, Schulz JB: Drosophila melanogaster as a model 
organism for Alzheimer's disease. Mol Neurodegener 2013, 8:35. 

21. Israel MA, Yuan SH, Bardy C, Reyna SM, Mu Y, Herrera C, Hefferan MP, 
Van Gorp S, Nazor KL, Boscolo FS, et ah Probing sporadic and familial 
Alzheimer's disease using induced pluripotent stem cells. Nature 2012, 
482(7384):2 16-220. 

22. Yagi T, Ito D, Okada Y, Akamatsu W, Nihei Y, Yoshizaki T, Yamanaka S, 
Okano H, Suzuki N: Modeling familial Alzheimer's disease with induced 
pluripotent stem cells. Hum Mol Genet 201 1, 20(23):4530-4539. 

23. Lemere CA: Immunotherapy for Alzheimer's disease: hoops and hurdles. 
Mol Neurodegener 201 3, 8:36. 



doi:1 0.1 186/1 750-1 326-8-33 

Cite this article as: Rutten and Steinbusch: Current concepts in 
Alzheimer's Disease: molecules, models and translational perspectives. 

Molecular Neurodegeneration 2013 8:33. 



